
• 

• 

Report No. 

License 

Licensee: 
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Approved: 

U. S. NUCLEAR REGULATORY COMMISSION 

REGION I 

50-272/89-16 
50-311/89-15 

DPR-70 
DPR-75 

Public Service Electric and Gas Company 
P. 0. Box 236 
Hancocks Bridge, New Jersey 08038 

Salem Nuclear Generating Station - Units 1 and 2 

May 27, 1989 - June 14, 1989 

Kathy Halvey Gibson, SeniJr Resident Inspector 
Stephen M. Pindale, Resident Inspector 

P. D. Swetland, Chief, Projects Section 28 

Inspection Summary: 
Inspection 50-272/89-16; 311/89-15 on May 27, 1989 - June 14, 1989 

Areas Inspected: Special inspection to review the circumstances and licensee 
response to the identification of inadequate response time testing of the main 
and bypass feedwater. regulating valves, and to the subsequent unacceptable test 
results upon proper testing. 

Results: Failure to perform independent response time testing actuated by both 
solid state protection system trains for feedwater regulating valves (FRVs) and 
main steam isolation valves is an apparent violation of Technical 
Specifications (TSs). The subsequent failure to meet FRV response time 
requirements is also an apparent violation .of TSs. The failure to historically 
establish the as-found condition of the feedwater isolation system is an 
apparent violation of Quality Assurance Program requirements. An enforcement 
conference was scheduled to review this occurrence and the potential that the 
feedwater isolation system was unable to perform its safety function during 
previous plant operation . 
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Details 

1. Overview 

A licensee system engineer initiated a review on May 23, 1989, of Unit 1 -
surveillance test procedure No. SP(0)4.0.5-V-MS-5, "IST-Main Stearn and 
Boiler Feed Valves. 11 He concluded that while the procedure was an 
acceptable inservice test (IST) of the main and bypass feedwater 
regulating valves (FRVs), the procedure did not test the valves for 
engineered safety feature time response when actuated by each of the two 
solid state protection system (SSPS) trains, as required by Technical 
Specification 4.3.2.1.3. (Unit 1) and 4.3.2.3 (Vnit 2). No records could 
be found to show that the response time testing had ever been conducted 
properly on either Salem Unit 1 or 2. ' 

At the time of this conclusion, Unit 1 was in Mode 5 (Cold Shutdown) and 
Unit 2 was operating at 100% power. Accordingly, the test procedure was 
revised, ar.d on May 26 the Unit 1 main and bypass FRVs were tested for 
response time. Testing on Unit 1 was completed on May 27 and demonstrated 
that three of the fou~ main FRVs did not meet the time response acceptance 
criteria and were inoperable. 

On May 27, the Unit 2 FRVs were declared inoperable, and Unit 2 was 
shutdown to Mode 3 (Hot Standby) to perform FRV response time testing. 
The subsequent test yielded unsatisfactory results, and Unit 2 continued 
its shutdown. The licensee notified the NRC Operations Center of the 
feedwater isolation time response deficiencies and the resulting unit 
shutdown. The controls for the valves on both units were subsequently 
modified and the valves retested, and Unit 2 was returned to service on 
May 31. 

2. System Description and Regulatory Requirements 

Each of the four steam generator feedwater lines are provided with a main 
and bypftSS FRV to regulate normal feedwater flow. The FRVs also function 
as isolation valves for the feedwater isolation (FWI) portion of the 
engineered safety feature actuation system (ESFAS). The valves are 
designed to isolate feedwater in order to prevent a primary system 
overcooling condition for certain postulated accidents. The failure of 
the FWI to function properly could potentially result in an excessive 
primary system cooldown and the associated reactivity insertion and 
subsequent return to power. The FRVs automatically close upon receipt of 
an FWI actuation signal, which can be generated by seven different 
instrumentation signals to each of the two solid state protection system 
(SSPS) trains. The FWI function is assumed to occur within the specified 
time in the design basis accident analyses . 
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Technical Specifications 3.3.2.1 (Unit 1) and 3.3.2 (Unit 2) specify that 
the ESFAS instrumentation channels shall be operable with maximum response 
times, including the FRV stroke time, of between 7.0 and 11.0 seconds 
depending on the actuation signal. Technical Specifications 4.3.2.1.3 
(Unit 1) and 4.3.2.3 (Unit 2) specify that the response times of the ESFAS 
instrumentation channels shall be tested once per 18 months and 11 shall 
include at least one logic train such that both SSPS logic trains are 
tested at 1 east once per 3.6 months . 11 PSE&G routinely tested the 
instrumentation channels in segments such that the overall response time 
was a summation of individual segments including the valve closure time 
provided by surveillance procedure No. SP(0)4.0.5-V-MS-5, 11 IST-Main Steam 
and Boil er Feed Valves-. 11 However, this test did not independently test 
the closure time for the two SSPS trains of actuation signals. 

Further, these valves are containment isolation valves. Therefore, to 
ensure continued proper operation of the valves, Technical Specifications 
4.6.3.1.4 (Unit 1) and 4.6.3.4 (Unit 2) specify that a valve closure· 
inservice test (IST) be performed and be within limits. The Unit 1 FRVs 
are required to fully close in eight seconds, while the Unit 2 FRVs are 
required to close in five seconds. There appeared to be no technical 
basis for this difference in requirements. Further, the inspector noted 
that the Unit 2 eight second stroke time requirement appeared to be 
inconsistent with the response time requirements for some actuation 
signals, in that the valve closure time, when added to the individual 
instrumentation loop components• response times must be less than or equal 
to 7.0 seconds. 

3. Valve eontrcls Description 

The FRVs are electro-pneumatically controlled air operated valves. 
Attachment 1 provides a schematic diagram of the valve control. The 
cont~ol air does not act directly on the FRV diaphragm, rather it is used 
to change the position of a small air valve called the positioner. The 
valve positioner output then regulates the position of the FRV. Two 
solenoid operated three-way valves (one per train) are located in series 
between the positioner and the FRV diaphragm. One solenoid is actuated by 
Train A, while the other is actuated by Train B for each FRV. During 
power operation, both solenoids are energized, which allows control air to 
flow through each of the three-way valves to act on the diaphragm and 
maintain the valve open. Each set.of solenoids (Train A and B) associated 
with any main or bypass FRV remains energized by an associated common 125 
voe power supply. One 125 VDe power source provides electrical power to 
the solenoids associated with two main FRVs and two bypass FRVs, while the 
other power source supplies the remaining solenoids. 

When a feedwater isolation signal is generated, signals from each SSPS 
train deenergize the associated FRV solenoids. When the solenoid 
deenergizes, the air supply from the positioner is isolated by one port of 
the three-way valve and the air pressure acting on the FRV diaphragm is 
vented to atmosphere by another valve port, thereby permitting a quick, 
spring action closure of the valve. The actuation of only one train (one 
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solenoid) is needed to close the valve per system design. Therefore, the 
second v~lve provides a redundant backup. The design of the solenoid and 
control air tubing was sized to provide sufficient venting capability to 
cause_rapid val~e closure within TS required times. 

Sequence of Events 

On May 23, 1989, a system engineer began his own review of Unit 1 
surveillance procedure SP(0)4.0.5-V-MS-5, 11 IST-Main Steam and Boiler Feed 
Valves" and identified that the surveillance test procedure did not 
provide separate closure times for the main and bypass FRVs when actuated 
from each of the two SSPS trains. These values are necessary to verify 
achievement of the overall instrumentation response time requirements. 
The test appeared to be an acceptable method for meeting IST requirements 
on valve stroke times. Later, no test records could be found to show that 
these valves had ever been properly tested for overall response time 
requirements at either Units 1 or 2. - The procedure was revised to correct 
the deficiency, and on May 26 the Unit 1 main FRVs (11BF19 to 14BF19) and 
bypass FRVs (11BF40 to 14BF40) were tested, because these valves were 
a1.·ailable for testing due to the unit being shutdowr1. 

When tested from an SSPS Train B signal, valves 12BF19 and 14BF19 failed 
to meet the eight second valve closure time acr.eptance criterion (8.04 and 
8.56 seconds, respectively) and thus failed th2 7.0 second overall time 
response criterion. FRV 13BF19 satisfied the eight second acceptance 
criterion with a stroke closure time of 7.7 seconds; however, this value 
exceeded the TS 4.3.2.1.3 maximum loop response time of 7.0 seconds. The 
remaining Unit 1 main FRV and all four bypass FRVs closure times satisfied 
acceptance criteria. The testing was completed early on May 27. An 
incident report was initiated later on May 27 to document the procedure 
and closure time deficiencies. 

Since Unit 2 was operating, and its main and bypass FRVs had not been 
properly tested and were potentially affected, the licensee declared the 
FRVs inoperable. In accordance with the TS 3.3.2.1 Action Statement, a 
plant shutdown to Mode 3 (Hot Standby) was initiated. Mode 5 (Cold 
Shutdown) was required to be reached in 36 hours. On May 27, the licensee 
reported the Unit 2 plant shutdown to the NRC in accordance with 
10CRF50.72 reporting requirements. 

On May 28 while in Mode 3, the licensee initiated a time response test of 
the Unit 2 main and bypass FRVs, using a new procedure, 
4.3.2.1.3-SPECIAL-l, "21 Through 24 BF19 and BF40 Time Response Testing." 
The closure time for the first main FRV tested was 5.97 seconds for Train 
A and 4.62 seconds for Train B (acceptance criteria less than or equal to 
five seconds). Each was an average of three valve tests. Due to the 
failure, the licensee continued the plant shutdown in accordance with TS 
requirements. However, the remaining main FRVs and all four bypass FRVs 
were not stroke tested, and no overall response times were determined. 
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The licensee noted that for the tested FRV the Train A response time was 
longer than the Train B. With the Train A solenoid closest to the FRV 
diaphragm, the Train A response times should have been the shorter of the 
two response times. Licensee troubleshooting activities identified that 

· Train A and B were cross wired, thereby accounting for the unexpected 
results. The remaining FRV wiring was verified to be as designed, and the 
cross wired solenoids were coiiected. 

On May 29, the licensee completed modifications on the FRV control system, 
which included replacing solenoid valves with larger valves and replacing 
sections of a1r tubing with larger tubing. All FRVs (main and bypass) on 
both units were subsequently tested independently from each SSPS train 
with satisfactory results. Unit 2 was returned to service on May 31. 
Unit 1 continued with outage related activities. 

FRV Testing and Modification 

The licensee had previously tested the FRVs using SP(O) 4.0.5-V-MS-5 by 
opening a common 125 VDC breaker to the two series solenoid actuators (A 
and B). That resulted in deenergizing both solenoids simultaneously, 
thereby closing the FRVs. The FRV closure time was measured from the 
initiation signal to the control room valve position indicator light 
illumination using a calibrated stop watch . 

The solenoid closest to the FRV is the Train A solenoid, and the Train B 
solenoid is the one furthest away. If both solenoids deenergize as 
designed, the supply air from the positioner to the FRV is isolated and 
the air pressure acting on the diaphragm is vented to atmosphere as 
described previously. However, since the three-way valve nearest the FRV 
isolates the air supply to the FRV diaphragm (and therefore also the other 
three-way valve), only the Train A valve provides the necessary vent path 
to open the FRV (assuming proper valve operation). That is, if the 
three-way valve nearest the FRV properly operates, the other cannot be 
functionally or response time tested because a vent path from the FRV 
diaphragm to the further of the two three-way valves becomes isolated by 
the closest (Train A) solenoid. Conversely, if the solenoid closest to 
the FRV should fail to deenergize, then the following would occur. The 
air acting on the diaphragm would vent through the closer three-way valve, 
then through the tubing between the solenoids, and ultimately out the vent 
port of the second three-way valve. However, since this is a longer 
flowpath than venting through the Train A three-way valve, the FRV closure 
response time should also be longer. This is in fact what the licensee 
observed when the FRVs were subsequently tested properly on May 26 - 27. 
Consequently, the failure of ~ither solenoid to actuate (deenergize) could 
not be detected by the simultaneous test, and repeated tests in which 
Train A apparently functioned properly prevented evaluation/testing of the 
Train B solenoid. A licensee review of surveillance test records could 
not determine whether any previous solenoid time response failures had 
occurred because the licensee had routinely replaced all the solenoids 
prior to conducting the required tests . 
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The recently revised surveillance test procedure initiates the SSPS train 
signals individually to each solenoid through the manual latching of a 
relay associated with the appropriate solenoid, rather than by 
deenergizing the common 125 VDC solenoid power source. Thus, FRV closure 
times as accomplished through actuation of each solenoid can independently 
be measured. · 

Design change package (DCP) 2SC-2025 had been initiated in February 1989 
for Unit 2 in a previous effort to improve the BF19 closure response 
times. That DCP was implemented on May 29 to address the FRV design and 
testing concerns. Specifically, the main FRV Train 8 solenoids were 
replaced with those having a larger flow coefficient (Cv=l.2 vice Cv=.75). 
Additionally, the pneumatic tubing from the bypass FRV diaphragm to the 
Train A solenoid and from that solenoid to the Train 8 solenoid was 
replaced with larger diameter tubing (1/2 inch from 3/8 inch) to provide 
for quicker valve closure and increased margin in meeting the 5 second 
closure time requirement. 

A similar modification was performed on Unit 1 via DCP lSC-2025. The Unit 
1 main FRV Train B solenoids were replaced with the same larger designed 
solenoids as Unit 2. The Unit 1 bypass FRVs were not modified as all of 
them tested satisfactorily. 

6. Licensee Corrective Actions 

Licensee corrective actions included immediately rev1s1ng the appropriate 
procedures and testing the Unit 1 FRVs. A special test procedure was also 

. developed for Unit 2, which was initiated while in Mode 3. However, it 
appeared that only one FRV was tested on Unit 2, the result of which was 
unsatisfactory. Additionally, during the test it was identified that the 
wiring for the Train A and Train B solenoids for one main FRV were cross 
wired. The licensee subsequently determined that all other FRV solenoid 
trains were properly wired and corrected the deficient train related 
wiring. 

Modifications were implemented on both units to enhance FRV response 
times. Post-modification testing results were satisfactory for all main 
and bypass FRVs. 

The licensee also performed a review of other TS surveillance procedures 
to verify that independent testing from each SSPS train was provided where 
necessary. One further deficiency was identified with the main steam 
isolation valve (MSIV) closure time response procedure, whereby the 
existing surveillance tests did not defeat or bypass a circuit feedback 
feature that actuated the other closure train (TS 4.3.2.1.3). The 
procedure was subsequently revised and the MSIVs were independently tested 
satisfactorily . 

I 

J 
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The licensee also reviewed the acceptance criteria of completed 
surveillance procedures and previous test results to determine whether the 
sum of individual time response upper limits specified in surveillance 
test procedures and actual results were within total SSPS train time 
response requirements (master time response). No discrepancies with 
respect to previous master time response d~ta were identified. Several 
procedural limits fo; individual component time response were reduced or 
added by the licensee to ensure future compliance with total time response 
limits. The Quality Assurance organization performed a third party review 
of these investigations and no discrepancies were identified. 

The licensee reviewed the UFSAR accident analyses and consulted with the 
NSSS vendor (Westinghouse) to evaluate the safety significance of the 
event. The evaluation concluded that the system design contained 
sufficient margin such that a FWI response time of 10 seconds would be 
acceptable. Inspector review, however, identified that the licensee was 
unable to positively conclude that the Unit 2 Train A FWI function could 
have satisfied even a 10 second response time since as-found data was not 
obtained (except for one FRV). Further, the inspector noted that during 
each refueling outage, all FRV solenoid valves are routinely replaced and 
then response time tested. Therefore, a history of acceptable as-found 
cond1tions for Train A isolation could not be established to provide a 
high confidence that although the Train B function was inoperable per 
Technical Specifications, Train A would have properly functioned. The 
failur~ to establish as-found conditions is a potentially significant 
weakness in the licensee 1 s testing program and could affec~ the overall 
conduct and acceptability of station surveillance testing. 

Additional, longer term corrective actions were being planned by the 
licensee, including determining whether sufficient margin exists with 
respect to the accident analyses to increase time response limits in the 
Technical Specifications and evaluating the need for additional 
modifications to the bypass FRV solenoids. 

7. Inspection Activities and Results (71707, 92700, 93702) 

The inspector reviewed applicable surveillance procedures and results and 
TS requirements, held discussions with licensee personnel, and observed 
portiorrs of the modification installation and retesting associated with 
the main FRVs .. The inspector also reviewed Incident Report 89-310 and the 
Event Classification Guide associated with documentation and reporting of 
the event. 

The inspector concluded that the following apparent violations existed. 

Failure to independently test the closure time response of the FRVs 
and MSIVs from both trains of the SSPS was an apparent licensee 
identified violation of TS 4.3.2.1.3 for Unit 1 and TS 4.3.2.3 for 
Unit 2. (50-272/89-16-01) 



8 

Failure to comply with the Limiting Condition for Operation (response 
time) for Unit 1 FRVs was an apparent violation of TS 3.3.2.1. 
(50-272/89-16-02) 

To meet the requirements of 10CFR50, Appendix B, the licensee 
endorses (in UFSAR Section 17.2) ANSI N18.7-1976/ANS-3.2, 
11 Administ1ative Controls and Quality Assurance for the Operationai 
Phase of Nuclear Power Plants. 11 Section 5.3.10 requires that test 
and inspection procedures shall require recording the as-found 
condition; corrective actions performed, if any; and the as~left 
condition. The licensee failed to establish the as-found condition 
prior to replacing the FRV solenoids. The broader implications of 
this concern are that other plant systems may be similarly affected. 
This issue is an apparent ·violation of Quality Assurance Program 
requirements. (50-272//89-16-03) 

During this inspection, the inspector identified the following concerns as 
needing resolution. 

The IST valve closure test acceptance criteria discrepancy between 
the two units (eight seconds - Unit 1, five seconds - Unit 2) was 
brought to the licensee 1 s attention for resolution. Licensee review 
should address the bases for the difference between the two units, 
and how the Unit 1 eight second stroke time is consistent with the 
7.0 second total loop response time. This item is unresolved pending 
licensee action on these concerns. (50-272/89-16-0~) 

The failure to establish the as-found condition of the Unit 2 FRVs 
prevented the completion of an adequate safety significance 
determination in that valuable data was not available for analysis. 
The licensee should evaluate the lack of guidance to plant operations 
that permitted this oversight to occur. 

The identification of cross wired solenoids indicated that the 
previous work was not properly inspected or retested. This issue is 
unresolved pending completion of a licensee review to determine when 
this error occurred and what programmatic actions should have 
detected the error. (50-272/89-16-05) 

8. - Exit Meeting (30703) 

On July 7, 1989, the inspector met with the licensee to discuss the 
inspection findi-ngs. In particular, the three potential violations were 
discussed as well as the fact that due to the licensee 1 s failure to 
conduct adequate system testing, it appeared that there was a high 
potential that the feedwater isolation system had been unable to perform 
its safety function during previous plant operations. The inspectors 
indicated that an enforcement conference would be convened at a future 
date to discuss these issues. 
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